The work aimed to conduct complex chemical and microbiological study of the dumps of the fuel and energy complex of Ukraine. It is established that the qualitative composition of the aboriginal microbiota of the studied technogenic substrates does not to depended on the storage time, because it was determined by the chemical and mineralogical compositions and is mainly represented by the heterotrophic and acidophilic chemolithotrophic bacteria (AСB). It is noted that the number of all groups of microorganisms in dumps increased during long term storage due to internal processes and the impact of external climatic factors. In our experiment the ACB association demonstrated the maximum leaching activity when the divalent iron was as an energy source. It is also noted that the "silicate" bacteria present in the aboriginal consortium and have no leaching activity, significantly increase bioleaching rates by ACB. The results of the study indicate on the formation of resistant specific microbiocenoses in the dumps of the fuel and energy complex that can be used as sources of highly active strains obtaining for use in biotechnological processes of metal extraction.
The fuel and energy complex (FEC) of Ukraine produces waste products as a result of the coal mining and processing. Accumulating in huge quantities at the territories of industrial complexes, the waste creates an additional burden on the environment. At the same time, the waste of FEC contains, in particular, rare metals in industrial concentrations, which makes it a "man-made deposit", the unconventional raw materials of valuable components [1, 2] . A special aboriginal microbial community is formed under the influence of industrial and natural factors, and later affected by the storage conditions in the studied anthropogenic ecosystems. In long-term storage, the substrates change affecting the structure and composition of the microbiocenosis and the ability of the formed equilibrium systems to destruct. The available literature data suggests that the use of the aboriginal consortium associations in the leaching metals biotechnology is promising due to the effect of syntrophic relationships between individual groups of microorganisms in the community [3, 4] . The microbial biotechnologies should be implemented based on comprehensive studies of the biological and physicochemical properties of the initial solid substrate, the qualitative and quantitative assessment of the indigenous microbial community present in it, the possibility of isolating, selecting and selecting the most promising highly active strains. There is ample evidence of the microbial role in both the formation and destruction processes of geogenic substrates (natural ores and minerals, native sulfur, oil, peat, coal, etc.), accompanied by the bioextraction of useful components [5] [6] [7] . Information is limited about the life and biochemical activity of microorganisms in the raw materials of technogenic origin.
The aim of the work was to conduct a comprehensive chemical and biological research of technogenic raw materials produced by the FEC enterprises of Ukraine to establish the structure and properties of their microbiocenosis.
Material and Methods
The objects of research were dumps of the Central concentrating plant (CCP) of the LvivVolyn coal basin (LVCB), fly ash and ash from the burning of LVCB coal at Ladyzhinska and Dobrotvorska TPSs, respectively. The samples (more than 60 in total) were taken during 2008-2014 (April to November) on the slopes of the dumps at the 50.0 ± 5.0 cm surface layer.
To identify various physiological groups of native microbial microorganisms, enrichment cultures and specific nutrient media were used: 9K and 9K * for the acidophilic chemolithotrophic bacteria (ACB); Beyerinck for the neutrophilic chemolithotrophic bacteria; 882 for representatives of the genus Leptospirillum; 150a for the moderately thermophilic representatives of the genus Acidithiobacillus, such as A. caldus; Gorbenko for the heterotrophic bacteria; Czapek for the filamentous fungi; and A-27 for the "silicate" bacteria (Table 1) [8, 9] .
As the energy source, either FeSO 4 ·7H 2 O at a concentration of 44.5 g/dm 3 , or elemental sulfur or thiosulfate at a concentration of 5.0 g/dm 3 was added to the mineral background of the 9K medium.
The biomass of various representatives of the dump microbiocenosis was accumulated at a ratio of solid (substrate) to liquid (nutrient medium) S: L = 1: 10. In the control experiments sterile substrate was introduced to the nutrient medium. The cultures were incubated at a temperature of 30.0 ± 0.5 С for mesophilic (MP) and 50.0 ± 0.5 С for moderately thermophilic (MTP) bacteria, pH 3.0-7.0 for 5 days. The development of microorganisms was evaluated by the presence of the surface film, the change in pH and the appearance of the bacterial suspension. The abundance of representatives of different microbial groups was established by sowing tenfold serial dilutions of the bacterial suspension on agar media of the same composition. The number of spore-forming bacteria was determined after heat treatment at 80.0 ± 0.5 C for 15 minutes.
The biogeochemical activity of the aboriginal community was judged by the concentration of metals transferred from the solid phase to the culture medium. Selective nutrient media were used as leaching solutions (Table 1) . Sterile waste with a sterile leach solution served as controls. The bioleaching process was carried out by the vat method at a ratio S: L = 1:10, pH -2.0, 30.0 ± 0.5 C for MP and 50.0 ± 0.5 C for MTP bacteria for 7 days. The concentration of metals in solid substrates and solutions was determined by atomic absorption spectroscopy on AAS-1 (Germany) and C-115PK Selmi (Ukraine) devices [10] . The reliability of obtained results was evaluated by the Student's t-test with a probability of P < 0.05. Table 2 shows the chemical composition of the studied substrates by the main components.
Results and Discussion
To observe the development of aboriginal associations in substrates, depending on the timing of their accumulation, preliminary microbiological crops were grown on nutrient media selective for acidophilic chemolithotrophic and heterotrophic microorganisms because those are typical representatives of microbiocenosis of geogenic and technogenic origin ( Table 3) .
The microorganisms were not detected at all or their communities were very poor in fresh substrates, especially heat-treated ash and fly ash. In storage, the communities are formed. In dumps with an acidic environment, the conditions favor the active growth of both chemolithotrophic and heterotrophic microorganisms. In neutral or weakly alkaline ash and fly ash, the heterotrophic component forms an association faster than the chemolithotrophic one, and quantitatively the former is more pronounced, both in comparison with the dumps and in relation to its own chemolithotrophic component. However, generally, stable, numerous aboriginal equilibrium communities form during the storage of the studied technogenic substrates for longer than three years. Then it is possible to isolate active strains for biotechnological developments. For further research, ash and fly ash (storage period 24-36 months), as well as "stale" dumps substrates with different shelf life were chosen: 24-28 months (black) and more than 60 months (red).
The results of microbiological studies are shown in Fig. 1 . They indicate the quantitative prevalence of heterotrophic and acidophilic chemolithotrophic bacteria, both mesophilic and moderately thermophilic, in waste products of FEC.
In all the studied substrates, especially with acidic pH (black and red coal preparation waste), ACB dominate which use bivalent iron and sulfur / thiosulfate as an energy source. In the mesophilic association of all substrates that develops on a standard 9K medium with bivalent iron or thiosulfate, a lot of small Gram-negative rod-shaped cells were noted. In the microbial associations of iron and sulfuroxidizing bacteria, no significant differences in cell morphology were seen in accordance with the available literature data. The number of cells oxidizing bivalent iron and thiosulfate in ferrous dumps, fly ash and ash was 10 4 -10 5 cells/g. In the red "stale" dumps, their number was greater and reached 10 8 and 10 6 cells/g for iron- and sulfur-oxidizing bacteria, respectively. The obtained data suggest the presence of representatives of the genus Acidithiobacillus (A. ferrooxidans and A. thiooxidans), widely distributed in natural sulfide ores in the studied technogenic raw material and actively participating in metal leaching processes [11] . In mesophilic conditions of medium 882, morphologically different cells -spirillus, vibrios, and small curved rods -were observed. Their number in black waste, fly ash, and ash was 10 3 -10 4 cell/g, in the red "stale" dumps it was 10 5 cell/g. This suggested the presence of representatives of the genus Leptospirillum in the studied microbiocenosis. The genus includes iron chemolithotrophic bacteria [12] . These results are consistent with the available literature data, according to which bacteria of the genus Leptospirillum are always present in natural and man-made mineral raw materials and do not make a significant contribution to the bioleaching processes themselves, but in an aboriginous consortium with A. ferrooxidans and A. thiooxidans they contribute to the efficiency of extraction metals [13] .
In mesophilic conditions of Beyerinck's medium, the development of small Gramnegative rods was observed in the amount of 10 2 cell/g (black dumps, fly ash and ash) and 10 4 cell/g in red "stale" dumps. This suggested the presence of neutrophilic thionic bacteria of the genus Thiobacillus in the studied microbiocenoses. There is no data on the presence of this group of bacteria in technogenic raw materials, as well as any information about their ability to leach metals. However, it is known that in nature, Thiobacillus thioparus in association with Thiobacillus ferrooxidans are active agents of corrosion of metallic and nonmetallic products. Therefore their presence in biocenoses with quantitative advantage of acidophilic bacteria is quite possible [14] .
The microbiocenosis of FEC waste products is formed in widely ranging temperatures during storage. There is also the self-heating and selfignition phenomena. Thus it was interesting to identify bacteria for which the optimum temperature for growth is 45. Mixotrophic, moderately thermophilic bacteria were found in all studied waste substrates. In a cumulative culture based on a modified 9K medium with thiosulfate or bivalent iron, an abundant development of Gram-positive short round or cocco-like spore-forming cells was recorded, which can be attributed to the genus Sulfobacillus. Their numbers were much higher in red "old" waste and reached almost 10 9 cell/g. This is the maximum quantitative indicator among all the iron-and sulfur-oxidizing bacteria identified in the studied substrates, possibly associated with the processes leading to self-heating of the dumps.
The FEC waste products are bio-inert systems. However, an intensive development of heterotrophic bacteria, both spore-and nonspore-forming (Fig. 1) was observed there, with numerical predominance in ash and fly ash with neutral and weakly alkaline pH (up to 10 8 cell/g), as well as in the "stale" coal enrichment dumps, up to 10 7 cell/g. These results are consistent with available reports on the ability of certain representatives of heterotrophic bacteria to grow in mineral solutions in the presence of trace amounts (μg/dm 3 ) of organic substrates, as well as the activity of the representatives of the genera Pseudomonas and Bacillus in the leaching of gold and uranium [16] .
The presence of so-called "silicate" bacteria capable of destroying silica and silicates was first established in the heterotrophic component of FEC waste products. In bacterial suspension on nutrient A-27 medium, Grampositive large rods capable of forming spores were recorded, on agarized A-27 medium they were formed in almost identical round transparent colorless colonies. Their number was in the range of 10 3 -10 4 cell/g, reaching a maximum in ash (10 5 cell/g), which may be due to the increased content of silicon and aluminum in this substrate (Table 1) [17] .
Thus, the qualitative composition of the microbiocenoses of the FEC waste products under study does not depend on the storage time, since it is determined by the chemical and mineralogical composition of the substrates. As they accumulate and are stored under the influence of external factors, quantitative differences arise in the microbiocenoses, which are affected by the accumulation time, composition and pH of waste products. When comparing substrates with the same storage time but different pH, it is obvious that in ash (pH 6.4-7.8) and fly ash (pH 9.0-10.8) the conditions are more favorable for the development of heterotrophic microorganisms both in comparison with the black dumps (pH 2.6-3.3), and in relation to the development of own acidophilic chemolithotrophic component (Fig. 1) . It should be noted that the abundance of the ACB community in fly ash (amorphous, finely dispersed, with a large specific surface), despite its alkaline pH, is comparable to the coarse ash. This is another important factor for bioleaching associated with the presence of microorganism cells, either free or attached to the surface of solid particles. The presence of defects in the crystal structure and a large specific surface of the substrate contribute to faster growth and development of all possible microorganisms of the consortium [18] .
The biotechnological potential of representatives of the consortium of FEC waste products was determined by their ability to create favorable conditions for certain groups of microorganisms to destroy substrates and extract valuable metals from those.
Representatives of acidophilic chemo lithotrophic bacteria oxidizing bivalent iron and thiosulfate were the most numerous group of practical interest in the aboriginal consortium of FEC waste products. The results on leaching of metals from FEC waste products by the most numerous groups in the aboriginal consortium, the mesophilic and moderately thermophilic association of ACB, are presented in Fig. 2 and  3 respectively. In the control experiments with sterile substrates and nutrient mediums the leaching of Ge, Ga, Cd, Ni, Cu, Zn, Mn and Al did not exceed 2-4%, the leaching of Pb did not exceed 0,3-0,5%.
Hence, the association of moderately thermophilic bacteria of the studied substrates, regardless of their nature, was distinguished by a higher leaching activity compared to the mesophilic community. However, maximum leaching rates of metals, both rare and heavy, were achieved using bivalent iron as an energy source similarly in mesophilic and moderately thermophilic conditions. This confirms the leading role of A. ferrooxidans in the processes of bacterial leaching metals under mesophilic conditions [9, 18, 19] . It is established that the black coal dumps is the most "accessible" to microorganisms; the degree of leaching of almost all registered metals exceeds the similar indicators for other substrates.
The change in the microbial landscape and the number of bacteria was studied during the entire experiment of metal bioleaching of from the black dumps (Fig. 4) . Thus, during the first day, the number of bacteria in the mesophilic association did not exceed 4.510 2 cell/g. Gram-negative short thin cells prevailed in the stained microscopic preparation, sometimes larger Gram-positive cells with rounded ends were encountered (Fig. 4, a) . After five days, the number of bacteria increased significantly and reached 7.810 7 cell/g. During this period of time, bloated round cells with thickened membrane and unstained contents were recorded in the bacterial suspension (Fig. 4, b) . Bipolar inclusions were present on the surface of some cells. According to available literature data, those are globules of sulfur resulting from the oxidation of mineral raw materials [20] .
The appearance of rounded large cells was also observed during longer-term cultivation of the studied strains (Fig. 4, c) . After 7 days their total amount in the bacterial suspension decreased to 5.710 4 cell/g. This was accompanied by lysis of the cells, a shift in the pH of the leach solution towards neutral values and the beginning of deposition of insoluble Fe +3 compounds. When using the moderately thermophilic association of ACB, the number of bacteria was slightly higher. At the beginning of the experiment it was 5.710 4 cell/g, within five days it reached a maximum of 7.310 10 cell/g and at the end of the experiment (after 7 days) decreased to 3.910 5 cell/g. This changing pattern of biomass amount is a reflection of the classical phases of growth and development of microorganisms: exponential, stationary, dying off and cell lysis phases [9] .
Despite the quantitative advantage of the heterotrophic component in the waste product microbiocenosis (Fig. 1) , its leaching activity was insignificant and the extraction of metals into the solution did not exceed 15.0%. Extraction of metals into the solution as a result of the activity of "silicate" bacteria was also low (it did not exceed 12%). However, it was obvious that the substrates were destroyed and their appearance changed after contacting with the nutrient medium A-27, creating favorable conditions for the growth and activity of "silicate" bacterial consortium (Fig. 5) .
The waste products contained a lot of silicon-containing phases (silica, aluminosilicates). Hence our assumption that the association of "silicate" bacteria at the initial stage of processing the FEC dumps due to the destruction of stable crystalline silicate structures can enhance the effectiveness of the further action of the chemolithotrophic component of the consortium in relation to metal recovery. This idea was confirmed (Fig. 6) , the results are patented [21] .
Thus, the complex chemical and microbiological studies of waste products of FEC of Ukraine showed that the physico- chemical composition and the conditions of their formation and storage determine the structure of their microbiocenosis. The qualitative composition of the native microbiota does not depend on the storage time. The microbiota is determined by the chemical and mineralogical composition of substrate, and is represented mainly by heterotrophic and acidophilic chemolithotrophic bacteria. An increase in the number of all groups of microorganisms in long-term stored waste products is established, which is a result of internal processes and the influence of external climatic factors. The maximum leaching activity is observed in the ACB associations, especially when using bivalent iron as an energy source. The "silicate" bacteria found in the structure of the aboriginal consortium are not capable of leaching metals on their own. However in combination with ACB they contribute to a significant increase in the bioleaching rates. The research results indicate the formation of stable specific microbiocenoses in FEC waste products. The coenoses can be sources of obtaining highly active strains for use in biotechnological processes of metal extraction. 
